Abstract: The densitv-driven crossover of electron-hole pairs from insulating to conducting states is observed via the internal ls-2p exciton resonance. Decreasing interparticle distance induces strong shifts and broadening, and ultimately the disappearance of the excitonic resonance. In a dense electron-hole systemn many-particle interactions govern its nature as a conductive plasma of unbound electron-hole (e-h) pairs or an insulating gas of bound pairs (excitons). Recently. terahertz (THz) spectroscopy has provided direct experimental access to study the interplay between optically generated excitons and unbound carriers in semiconductor quantum wells lIii. Unlike near infrared and visible light, THz mdiation resonantly probes internal transitions between bound states. Until now, these studies have been performed only for a dilute exciton gas. With increasing density. however, phase space filling, exchange interaction. and mutual screening lead to important modifications of the pair correlations. Ultimatelyv these many-body processes are expected to lead to the excitonplasma Mott transition [21. a long standing topic of controversial debate. Herem we employ time-resolved THz spectroscopy to probe the internal Is-2p transition of resonantly photogenerated excitons at high densities. We directly trace changes of the far infrared resonances while the system undergoes a density-driven transition from an insulating to a conductive state. Our sample consists of a stack of ten high-quality, undoped 14-nm-wide GaAs wells separated by 10-nm-wide Al0.3Ga,7As barriers. All measurements are performed at low temperatures (T= 6 K). The near-infrared absorption spectrum. shown in Fig. la , is dominated by the Is heavy-hole (hh) exciton line at 1.54 eV. Spectrally shaped near-infrared pulses (red line, Fig. la) derived from a 250-kHz Ti:sapphire amplifier resonantly photoexcite heavy-hole excitons. At high pump fluences, the nearinfrared absorption line exhibits broadening. bleaching, and a slight blue shift. In order to photoinject high densities of excitons, we choose the spectml width of the pump (3.5 meV FWHM) to be distinctly wider than the lowintensitv absorption line (0.8 meV FWHM). Time-delayed THz probe pulses, generated by optical rectification and detected by electro-optic sampling in ZnTe. monitor the internal dynamics of the e-h pairs. Induced near-infrared transmission changes can be measured concurrently. Comparing THz electric fields transmitted through the sample in equilibrium with pump-induced changes, we obtain the change of the complex response functions [11. 694
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We emphasize two salient aspects of the THz response. First, the density-dependent broadening of the resonance is at least a factor of 3 larger than that of the near-infrared Is exciton line [3] . This results from the particular sensitivity of the THz experiment to the 2p exciton state. Due to the larger spatial extent, the scattering rate of the plike wave function is expected to be enlhanced as compared to that of the Is exciton. Secondly, density-dependent experiments which probe the near-infrared exciton response are limited by the counteracting effects of bandgap renormalization and reduced exciton binding energy [4] . In contrast, the THz intra-excitonic transitions measured here are unaffected by bandgap shifts. In this way. our experiments provide a direct way to measure the effects of phase space filling and screening on exciton levels in a high density gas of e-h pairs.
